In recent years the increasing use of adjuvant chemotherapy and endocrine therapy have resulted in a decline in breast cancer mortality despite a steady increase in incidence [1] .
bone remodelling include interleukin (IL) -1, -4, -6 and -11, macrophage colony-stimulating factor (MCSF), granulocyte-macrophage colony-stimulating factor (GMCSF) and tumour necrosis factor (TNF). These cytokines all stimulate the recruitment of osteoclasts and therefore the resorption of bone.
Over the last few years it has become clear that the major regulation of osteoclast activity is via TNF ligand, receptor activator of NF-kappa B (RANK) ligand (RANKL) and its two known receptors RANK and osteoprotegerin (OPG) . Cytokines all stimulate transcription of RANKL, which in combination with RANK facilitates osteoclastic activity. Conversely OPG acts as a decoy receptor to RANKL and halts its activity [6, 7] .
Development of bone metastasis
Once a breast cancer cell incorporates into bone it interferes with normal bone homoeostasis by the secretion of a variety of growth factors and cytokines that include parathyroid hormone-related protein (PTHrP). PTHrP enhances osteoclastic activity and therefore bone resorption [8] . Growth factors, such as TGF-␤ and IGF upregulate RANKL, and in turn indirectly stimulate osteoclastogenesis [9, 10] . This theory is strengthened by animal studies, which show that the bone destruction occurring within osteolytic bone metastasis is mediated by increased osteoclastic activity rather than direct tumour cell invasion [11] .
Actively resorbing bone releases a number of factors (such as TGF-␤) that can both attract cancer cells to the bone surface and facilitate their growth and proliferation [12] . This creates a vicious circle whereby a tumour cell is able to stimulate the bone micro-environment which in turn stimulates the development of the tumour (See Fig. 1 ). The inhibition of bone resorption should therefore have an effect on the development and progression of metastatic disease.
Bone turnover markers
As discussed in the previous section, tumour cells increase the rate of bone resorption by the stimulation of osteoclasts. This activity in turn stimulates bone formation and turnover. When bone is formed or broken down various markers are released into the circulation that correlate with the rate of bone resorption and formation. Bisphosphonates reduce osteoclastic activity and as a result lower bone resorption and formation markers, which can then be used as a guide for treatment.
Type I collagen, the major component of bone is broken down into many different substrates that can be measured as highly specific markers of bone resorption. These include the N-terminal (NTX) and C-terminal (CTX) peptide-bound crosslinks of type I collagen and can be measured in both the serum and urine.
Studies have shown that high levels of NTX correlate with a shorter duration of time to progression, skeletal-related events (SREs) and survival [13, 14] . Serial measurements of bone turnover markers can be used as a guide to the frequency and dosage of bisphosphonate drug used. A study by Costa et al. [15] evaluated the role of bone turnover markers for the monitoring of metastatic breast cancer patients. Of the markers studied, urinary NTX (uNTX) showed the most diagnostic accuracy and was able to predict the progression of metastatic disease most reliably.
Studies using pamidronate have shown that a reduction in uNTX correlates with good pain control [16] and a trend towards a reduction in fractures (P ϭ 0.07) [17] . As in the treatment of benign bone diseases, such as osteoporosis, the aim of treatment should be to maintain low levels of NTX.
Bisphosphonates for the treatment of bone metastasis
A variety of treatments are available for patients with metastatic bone disease. These include chemotherapy, radiotherapy, hormonal therapy, orthopaedic surgery and bisphosphonates. Patients with bone metastasis alone have a median survival of 2 years [2] but are at risk of SREs that cause significant morbidity and mortality during this period. The addition of bisphosphonates to other breast cancer therapies can reduce the risk of these events but questions still remain regarding when to treat and for how long.
All bisphosphonates have been shown to reduce the frequency of SREs from metastatic bone disease, and with many of them important effects on symptoms have been reported with reduced pain and analgesic consumption and an apparent improvement in quality of life [18] [19] [20] . Third generation bisphosphonates, such as ibandronate and zoledronic acid are more potent than pamidronate and are more convenient due to shorter infusion times.
A large phase III study has compared the efficacy of intravenous (i.v.) zoledronic acid and pamidronate in patients with metastatic breast cancer. In this trial 1130 patients were treated with either 4 mg zoledronate, 8 mg zoledronate or 90 mg pamidronate. Multiple event analysis was used to capture data on all clinically relevant SREs and the time to each event. Zoledronic acid reduced the risk of skeletal complications by 20% (P ϭ 0.037). Total numbers of SREs and time to first event were similar in both https://doi.org/10.1017/S1470903104002676 groups. However, within a subgroup of patients with osteolytic metastasis, zoledronic acid resulted in a significant improvement in the time to first SRE (P ϭ 0.013). Zoledronic acid also resulted in even greater reductions in uNTX levels compared to pamidronate (P ϭ 0.015) [21, 22] .
Ibandronate, another third generation bisphosphonate, is also emerging as a useful drug for the treatment of metastatic breast cancer. Trials comparing i.v. ibandronate to placebo have recently been published. The skeletal morbidity period rate (SMPR) which evaluates the number of new skeletal complications within a 12-week period, and is a composite endpoint comprising vertebral and non-vertebral fractures, and the need for radiotherapy or surgery was used to assess treatment response. The 6 mg ibandronate dose was associated with a 20% reduction in the SMPR compared to placebo. Significant decreases in new bone events and increases in time to first event were also apparent [23] .
Ibandronate can also be administered orally and has also been compared to placebo. Significant advantages were again observed for SMPR in treated patients (P ϭ 0.004) with a 38% risk reduction for skeletal events (P Ͻ 0.0001). Urinary CTX (uCTX) levels declined significantly in patients treated with ibandronate compared to placebo (P Ͻ 0.0001). Despite these promising results there was no significant difference in the number of skeletal fractures (P ϭ 0.195) and only a trend towards a delay in the time to the first SRE (90.3 vs. 64.0 weeks; P ϭ 0.089) [24] . A potent oral bisphosphonate is obviously an attractive prospect and studies are presently underway comparing oral ibandronate to i.v. zoledronic acid to define their respective roles in metastatic bone disease more precisely.
Bisphosphonates for the adjuvant therapy of breast cancer
Bisphosphonates have been shown to inhibit the development of bone metastasis and cause a reduction in tumour burden in animal models. It is also possible that they may prevent the future development of bone metastasis in breast cancer patients. Several studies with oral clodronate have addressed this question (See Table 1 ).
In the largest study by Powles et al. [25] over 1000 patients with operable breast cancer were randomized between clodronate 1600 mg/day and placebo. Patients were treated with clodronate for 2 years, and the follow up was for 6 years in total. During the treatment phase of the study (2 years), fewer women receiving clodronate developed bone metastases compared to placebo (n ϭ 12, 2.3% vs. n ϭ 28, 5.2%; P ϭ 0.016). After the treatment phase however, the difference was no longer significant (P ϭ 0.127). There was no significant difference in the occurrence of non-osseous metastasis, however significant reductions in mortality were seen in patients randomized to clodronate (n ϭ 98 vs. n ϭ 129; P ϭ 0.047).
In a study by Diel et al. [26] 302 patients with early breast cancer were recruited. Additionally these women had immunohistochemical evidence of breast cancer cells in their bone marrow and thus at high risk of developing recurrent disease. Patients were then randomized to receive clodronate 1600 mg/day for 2 years or to standard follow-up. Following a median observation period of 36 months, the mean number of bone metastasis per patient was twice as common in the control group (6.3) compared to the treated group (3.1; P ϭ 0.004). Significantly, the incidence of bone and visceral metastasis were lower in patients taking clodronate, the disease-free survival was prolonged and the mortality reduced. An updated analysis of this study has recently been presented after an average follow-up of 103 months [27] . With longer follow-up, the incidence of osseous and visceral metastasis was similar in both groups. There was no longer any significant difference in disease-free survival but the improvement in overall survival was maintained in patients treated with clodronate (P Ͻ 0.01).
However a study by Saarto et al. [28] produced conflicting results. Two hundred and ninety-nine lymph node positive breast cancer patients were randomized to treatment with clodronate 1600 mg/day for 3 years or to a control group. Bone metastasis was more common in the clodronate group although the difference did not reach significance (29 vs. 24 patients, respectively; P ϭ 0.27). Clodronate was also associated with an increased risk of developing nonskeletal recurrence (60 vs. 36 patients; P ϭ 0.0007). In terms of overall and disease-free survival patients treated with clodronate had worse outcomes compared to placebo (P ϭ 0.009 and P ϭ 0.07, respectively). These results were counter-intuitive and an inbalance in prognostic factors probably explains this confounding report. Ten-year follow-up results were recently presented at the ASCO 2004 conference [29] . Bone metastasis was detected at the same frequency in the clodronate and placebo groups (P ϭ 0.35). Non-skeletal recurrences remained more common in patients treated with clodronate (69 vs. 51 patients; P ϭ 0.005). Ten-year disease-free survival was still less in the clodronate treated patients (P ϭ 0.004), however no significant overall survival difference was now found between the two groups.
Future directions
Bisphosphonates clearly have a role in treating patients with bone metastasis from breast cancer. Questions still remain however, regarding which patients to treat, which drug to use and for how long. Potent nitrogen containing bisphosphonates, such as zoledronic acid are likely to continue to show advantages over the other less potent bisphosphonates.
Patients most likely to benefit from bisphosphonates are those with diffuse disease and a high tumour burden. These patients often have high uNTX levels and if so are most at risk of skeletal complications [13, 14] . Further research is required to evaluate whether normalizing NTX levels in these patients improves the risk of skeletal events. Nevertheless the routine use of bone markers to stratify a group of metastatic patients in need of further investigation, and or treatment with bisphosphonates, is likely to be useful in clinical practice.
The jury is still out about the use of bisphosphonates as an adjuvant therapy. We shall have to await the results from ongoing trials involving greater numbers of patients and more potent bisphosphonates.
The National Surgical Adjuvant Breast Project (NSABP) has finished recruiting over 3000 early breast cancer patients in a placebo-controlled trial of oral clodronate.
The adjuvant zoledronic acid reduce recurrence (AZURE) study is presently recruiting node positive breast cancer patients in another randomized placebo-controlled trial. Treated patients will receive regular infusions of zoledronic acid along side standard therapy. These two trials are expected to report in 2008. [29] positive breast 1600 mg/day or metastasis cancer placebo for 3 years Increase in non-skeletal recurrence P ϭ 0.0007 P ϭ 0.005 Follow up for Increase in disease-free survival P ϭ 0.007 P ϭ 0.01 5 years
Increase in mortality P ϭ 0.009 NS There is evidence from animal models and in vitro experiments that bisphosphonates can induce tumour cell apoptosis and inhibit angiogenesis [30] [31] [32] . These promising early reports are interesting but further pre-clinical and clinical research will be needed to consolidate this data.
